The Cambridge Cup has been designed to replace the horseshoe-shaped articular cartilage of the acetabulum and the underlying subchondral bone. It is intended to provide physiological loading with minimal resection of healthy bone.
Arthroplasty of the hip using resurfacing components is an attractive concept that is gaining popularity. The large diameter femoral component dictates the need for an acetabular component which is correspondingly large and which, in order to avoid excessive resection of bone, must be thinner than those used in conventional total hip replacement (THR). Thinwalled acetabular components have been associated with unacceptable rates of failure owing to early deformation, wear and loosening. [1] [2] [3] Metal shells with porous surfaces for uncemented acetabular fixation have been used for more than 15 years. Hydroxyapatite (HA) coating enhances early osseous fixation. [4] [5] [6] After THR the natural distribution of forces through the acetabulum and proximal femur is distorted because of a mismatch in the stiffnesses at the interface between implant and host bone. 7, 8 This results in increased stress in some areas and 'shielding' at others, which may contribute to loosening. 9, 10 The decreasing bone density and modulus which occur with ageing exacerbates these changes. One strategy for the design of an implant with longterm stability may be to match the stiffness of the bone with the implant. 11 Osteoporotic change is common in patients with a displaced subcapital fracture. At present, hemiarthroplasty is the preferred treatment for this group, but the outcome can be unsatisfactory, particularly for the more active patient. Warwick et al 12 reported acetabular erosion in 31 of 56 patients requiring revision of a hemiarthroplasty, with a median interval following implantation of 12 months to the onset of symptoms and 33 months to revision. Squires and Bannister 13 reported a 38% revision rate at four years in previously mobile, independent patients whose displaced subcapital fractures were treated by hemiarthroplasty. They also found that, when treated by THR, the percentage able to walk more than a mile increased from 27% to 77%. However, after THR the incidence of dislocation was 6%; a complication which was avoided after hemiarthroplasty.
The addition of an acetabular component increases the length and complexity of the operation. The evidence suggests that this would be justified in active patients if the largediameter bearing overcame the problems of post-operative dislocation.
The Cambridge Cup (Howmedica International Inc, Limerick, Ireland) was designed to maintain an almost physiological environment in the adjacent bone and to minimise the amount resected. It replaces the cartilage and the underlying subchondral bone of the horseshoeshaped articular portion of the acetabulum. It has a 3-mm thick bearing surface of ultra-highmolecular-weight polyethylene (UHMWPE), which is interlocked into a 1.5-mm injection moulded backing of polybutyleneterephthalate (PBT) reinforced with 30% carbon fibre. The stiffness of the PBT layer approximates to that of the natural subchondral bony plate. It is intended that the cup should deform in concert with the surrounding acetabular bone when loaded so that micromotion at the bone-prosthesis interface is minimised. The distribution of stress to the acetabular bone should be almost physiological, leading to a corresponding reduction of stress shielding and bone remodelling compared with more rigid metal components. The design principles, preclinical mechanical testing and biocompatibility studies have been described elsewhere. 14 We have undertaken a five-year prospective, clinical trial of the Cambridge Cup used in previously active patients presenting with a displaced subcapital fracture of the femur.
Patients and Methods
The Cambridge Cup is shown in Figure 1 . Only one size was made with an internal bearing diameter of 45 mm and an outside diameter of 54.5 mm. All the acetabular components were manufactured with a nominal 60 µ m plasmasprayed coating of HA. This coating was removed, by acid dissolution, from half of the cups in order to simulate the effects of long-term HA resorption. Infrared spectroscopy confirmed that this process had not degraded the material properties of the treated components. They were sterilised by gamma irradiation in air. Thompson-type hemiarthroplasties (Howmedica) were used which had been modified to provide a surface quality equivalent to that of a conventional THR. They were implanted using two mixes of Palacos R bone cement (Schering-Plough Ltd, Welwyn Garden City, UK).
Ethical permission was obtained before the trial commenced. Women older than 70 years of age with a displaced subcapital fracture and a body mass index of < 30 were admitted to the trial if their fractures were suitable for treatment with a cemented hemiarthroplasty. They had to be able to give informed consent and return to the hospital for outpatient review. Patients were excluded if they had comorbid conditions which would prevent them from returning to an independent life, or were unable to achieve partial weight-bearing for six weeks. Patients with suspected malignancy or previous infection were also excluded. Demographic details of the patients are shown in Table I .
The operations were undertaken between December 1994 and May 1997 under general or regional anaesthesia. The mean age of the patients at surgery was 81.8 years (70 to 100). All operations were performed with the patient in the lateral position using a modified Hardinge exposure. Cutting diathermy was used for soft-tissue mobilisation. The patients were given three doses of prophylactic antibiotic, and low-molecular-weight heparin for five days post-operatively.
The patients were allocated to one of two groups at the time of operation using sequential, randomised, sealed envelopes indicating which type of acetabular component should be used. In 24 patients, an HA-coated component was used, and 26 were treated identically except that the HA coating had been removed. The envelopes were opened when it had been established that the diameter of the patient's femoral head measured between 42 mm and 48 mm. The method of anaesthesia, femoral head diameter, total operation time, acetabular preparation and implantation time and per-operative blood loss were recorded (Table  I) .
Clinical and radiological assessments were undertaken before discharge, at six weeks, six months, one year, 18 months, two years and five years after surgery. Lateral and anteroposterior views of both hips were taken with the Photographs of the Cambridge Cup a) showing the outer polybutyleneterephthalate shell with an inner UHMWPE bearing and holes for the insertion of fixation pegs into the inferior pubic ramus and ischium, and b) the coating and polar fixation spikes. patient standing with their feet parallel and spaced 38 cm apart. The assessments were undertaken by clinicians who had not been involved in the surgery. A subgroup of 11 consecutive patients underwent dual energy x-ray absorptiometry (DEXA) scanning of their hips before discharge from hospital. Further scans were obtained at six weeks, three months, six months, 12 months, 18 months and two years after surgery. Details of the validation and methods used for this part of the study have been reported elsewhere. 15 The mean age of this subgroup was 80.5 years (74 to 90). In five cases, HA-coated components had been implanted and in six the components had the HA coating removed. The scans were obtained using the Hologic QDR 1000 densitometer (Hologic Inc, Waltham, Massachusetts) in pencil-beam mode in order to measure acetabular bone mineral density (BMD). With each scan, analysis was performed using the metal removal algorithm on the defined regions of interest: a mean BMD was automatically calculated. The regions of interest were defined as I, II and III using the conventional DeLee and Charnley zones. Post-mortem retrieval and analysis. Ethical committee approval was obtained and patients were consented for post-mortem retrieval of the cup and surrounding tissues. Following death, the patients' relatives or family doctor contacted us and arrangements were made to recover the prostheses. The specimens were preserved in formalin for transport and histological analysis, which is the subject of a separate paper, which was then undertaken. The comparisons between coated and uncoated implants were carried out using oneway analysis of variance (ANOVA) and post hoc testing with Bonferroni correction. Comparisons between planes of section was carried out using univariate, two-factor ANOVA and post hoc testing with Bonferroni correction. A p value < 0.05 was considered statistically significant.
Results
A summary of the number of clinical and radiological reviews of the 50 patients is shown in Table II . A summary of the DEXA scanning reviews of the subgroup of 11 patients is shown in Table III .
Three patients died before discharge from hospital, two because of myocardial infarction within five days of surgery. The third patient developed post-operative confusion, fell, suffered a dislocation and died seven weeks after operation. Three patients had a pulmonary embolus; all were treated successfully with anticoagulants. Following discharge, five patients died before their 12-month review. A further six patients died before their two-year review and nine more died before their five-year review. The mortality rates were thus 16%, 28% and 46% at one, two and five years, respectively.
At five years, eight surviving patients had withdrawn from the study. Of these, two had emigrated abroad and the others were deemed too frail to attend clinics. Telephone contact was made with the carers of the latter group. In all cases, the implants remained in situ and the hips were reported as asymptomatic.
One patient required early revision for a deep wound infection with Pseudomonas . One further revision was undertaken before the five-year review and two more were performed after five years. All revisions were undertaken on patients with acetabular components from which the HA coating had been removed.
Seventeen patients attended for clinical and radiological assessment at five years, eight had HA-coated components and nine had components without HA coating. Clinical. The clinical outcome was assessed at regular intervals up to two years, and at five years. The Barthel index score, 17 Charnley walking prefix and Charnley-modified Merlé d'Aubigné score 18 were recorded for all patients. The Barthel index score describes functional ability, with a maximum value of 20. By two years, the mean Barthel index had recovered to pre-fracture levels, following an initial post-operative reduction. At five years, the mean score had deteriorated to 17.8 in the patients with an HA-coated component compared with 17 in the non-HA group. This difference at one (p = 0.177) and two years (p = 0.10) postoperatively was not statistically significant (chi-squared test). The deterioration at five years is attributed to an increase in comorbid medical problems.
The Charnley modified Merle d'Aubigné score combines pain, range of movement and walking ability and has a maximum score of 18. Figure 2 shows the mean scores for the HA-coated and non-coated groups at five years. The difference between the two groups was not statistically significant (p = 0.480). The mean values of the three components were recorded at eight intervals during the five years and a low incidence of pain was noted at each. At two years, 21 patients (72.4%) had no pain. One patient had groin and trochanteric pain, three patients groin pain only, three patients trochanteric pain only and one patient had thigh pain only. In all cases, the pain was described as mild and not interfering with activity. A similar picture was seen at five years. No patient suffered a dislocation following discharge from hospital. In almost all cases, normal ranges of hip movement were seen from three months onwards. The ranges of movement were consistently greater than would have been expected following conventional hip replacement. 19, 20 Radiographic. A radiographic analysis was undertaken for evidence of migration, periprosthetic osteolysis, lucency in the three DeLee and Charnley zones and heterotopic bone formation. All radiographic reviews of the HA-coated components showed that the components remained stable, with no evidence of migration or periprosthetic osteolysis (Fig.  3) . This finding has been maintained beyond five years in the surviving cases.
For radiographs of patients with HA-coated components, assessment of radiolucent lines was facilitated by the presence of an halo at the interface between the component and host bone. In these cases, transient radiolucency was seen in one patient in zone II at 12 months although this had disappeared by 18 months. Assessment of radiolucent lines for non-HA-coated components was precluded by our inability to demarcate the junction between the component and the surrounding bone.
One non-HA-coated component migrated 5 mm in both cranial and medial directions between three and six months after implantation. However, there was no osteolysis and a neocortical acetabular floor appeared to form around the component during the subsequent 12 months. The patient developed pain after four years. At this stage, radiographs showed expansion of the acetabulum, fragmentation of the component and osteolysis affecting the proximal femur. The hip was revised before the five-year review.
Serial radiographs of all other non-HA-coated components failed to reveal any evidence of migration or osteolysis during the initial two-year study period. However, at the five-year review, one of the nine non-HA-coated components was seen to have fractured, with migration of the femoral head and periprosthetic osteolysis. This hip was revised. Two further cases showed clear migration. These were revised as previously described. Four patients had borderline migration and two had no evidence of component migration (Fig. 3) . They remain under review. There was no radiographic evidence of loosening, or gross migration of the Thompson femoral components at five years.
Heterotopic ossification was assessed according to the Brooker classification. 21 One patient developed grade 3 ossification which was associated with limitation of movement of the hip. The patient walked with one stick and did not require further surgery. Grade 1 heterotopic ossification developed in 18 patients and grade 2 ossification in eight. These changes did not progress beyond six months. DEXA analysis. The initial validation study reported good accuracy with the least significant changes for the three acetabular zones (DeLee and Charnley zones I, II and III) being 2.83%, 6.31% and 3.13%, respectively. The mean BMD measurements for the bone around the component for a period of two years are presented in Table IV for both groups and for each group separately in Tables V and VI. Using the least significant change as a measure of significance, we observe that in both groups, the BMD was reduced significantly in all three zones after six months but by two years the density in zones I and II had returned to the baseline level. In zone III, the decrease continued for 12 months, after which time there was no further significant decrease. Post-mortem retrievals. Nine components, which had been implanted for between seven weeks and five years, were retrieved. The histological analysis of the HA-coated components showed excellent bony fixation (Fig. 4) . When histological analysis was undertaken on some acetabular components from which the HA coating had been removed, it was found that its removal had been incomplete and that 'spot welding' of bone had occurred onto the residual HA islands. In areas where the HA removal had been complete, fibrous tissue predominated. No evidence of accelerated UHMWPE wear was identified on radiographs or from post-mortem retrieval specimens.
Discussion
The Cambridge Cup was implanted in a challenging clinical environment. Our patients were osteoporotic and their mean age considerably exceeded that at which uncemented acetabular components are traditionally used in primary total hip arthroplasty. 22 In several cases, it was necessary to over-ream the floor of the cotyloid fossa. In others, the superolateral acetabular roof was compromised. While this problem would have been avoided if a range of acetabular sizes had been available, there were no failures of the HAcoated components.
This cup does not allow for the interference fixation which can be achieved through impaction of a rigid, hemispherical component into an appropriately under-reamed acetabulum. Initial stability depends upon the six polar spikes, the peg and dowel fixation of the side arms and friction between the outer surface of the component and the adjacent bone. In approximately 20% of cases, we were unable to use the mechanism of peg and dowel fixation because the component was relatively oversized for the host acetabulum. No early migration was, however, identified in these cases. This suggests that polar stabilisation alone would provide adequate stability until bony fixation occurs.
Satisfactory implantation of the acetabular component was hampered because the six antirotation spikes are not seen during insertion. A modification of the shape and alignment of the spikes should overcome this problem. The outcome scores improved up to two years and then deteriorated slightly at five years. In part this reflects the evolution of the study group with survival of the patients who achieve the best functional outcomes. The mean age of our patients was 81.8 years at the time of surgery. This is more than a decade greater than the mean age of patients usually requiring primary THR. 23 It is recognised that our patients will have placed less demand on their hips than normal THR patients. However, our patients were identified as active and independently mobile before their subcapital fracture; this is the subset of patients most likely to develop symptoms from acetabular erosion when treated by hemiarthroplasty. Ravikumar and Marsh 24 found that 23% of patients have severe pain within two years of hemiarthroplasty. None of our patients experienced this complication. Overall, our group has fared better than would have been expected for elderly patients suffering displaced subcapital fractures.
Our single dislocation occurred on the eighth post-operative day following a fall down a flight of stairs during a period of psychotic confusion. Subsequent post-mortem retrieval, seven weeks after operation, confirmed displacement of the non-HA-coated acetabular component with fracture of the polar spikes. Histological analysis of the bone around the spikes confirmed bony apposition, indicating that the cup had been stable.
Particularly noteworthy is the contrast between the results we describe and reports in the literature detailing the poor wear performance of thin polyethylene bearings. Examination of the components obtained at post-mortem revealed uniformly quiescent synovium and no osteolysis. The liners were not damaged in any way which suggested adverse loading, and there was no evidence of accelerated wear, pitting or delamination.
It has been shown that the volume of wear debris produced is proportional to the load across the bearing surfaces and is inversely proportional to their hardness. 25 The total thickness of the Cambridge Cup is less than 5 mm and the polyethylene layer is only 3 mm thick. This is less than the minimum thickness of 4 mm recommended to maintain the contact stress below the elastic limit of polyethylene. 26 On this basis, the Cambridge Cup would have been expected to wear rapidly. The large diameter increases the contact area of the articulating surface and the load is predominantly orientated orthogonal to the main load vector. In contrast, a smaller diameter bearing will have peak loading over the small area that faces the primary load vector. While the Cambridge Cup provides a large effective contact area, relieving the arms of the horseshoe reduces the actual contact area to the central 100˚ segment; this corresponds to the contact area of a 28-mm bearing.
Our DEXA study measured bony changes in order to determine whether the flexible horseshoe design would induce acetabular remodelling or resorption. We observed reversal of an early decrease in BMD across the load-bearing part of the acetabulum. The mean BMD for all components fell by 11.6% and 10.4%, in zones I and II, respectively, at six months. Thereafter, there was a rise of 1.4% in zone I and an overall fall of 1.7% in zone II at two years. These figures suggest physiological transfer of load to host bone in these regions with no rim loading, which has been reported by other authors. 27, 28 Our trial has shown good early results with a novel, 'physiological' acetabular component which was designed using new materials for implantation without cement. The study has also revealed a dramatic difference in the intermediate-term outcome of HA-and non-HA-coated acetabular components. The DEXA analysis has shown preservation of the density of the host bone in the loadbearing segments. We are concerned that the junction between the outer PBT shell and the inner UHMWPE bearing remains a weak link. A modified design that eradicates Photographs showing the histology of a post-mortem retrieval specimen with established lamellar bone attachment to a) a hydroxyapatite (HA)-coated component (x100) and b) with no evidence of HA delamination or resorption (x250) (PBT, polybutyleneterephthalate). this interface would be advantageous. Like others, we have seen the merit of an HA coating to promote rapid fixation by bone. 29, 30 We have also observed migration of components where bony fixation fails after HA resorption. This is consistent with the findings of Lai et al 31 with the Landos Atoll acetabular component, which did not have a surface finish suited to long-term bony fixation. Although our retrieval data suggests that the HA-coated components remain well fixed to bone after resorption of the HA, a surface finish known to provide long-term osseointegration may be advantageous.
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